There are many advantages to quantum computing; however, the requirements of such computing are stringent, perhaps especially so for solid state systems. Nevertheless, solid state implementations are very appealing as future applications of quantum computing will then benefit from microelectronics technology. We propose a design for a quantum computer that builds on n-type SET structures reported by Tarucha et al. [l]. Our design ( Fig. 1) consists of an array of free standing pillars with source and drain electrodes at the top and bottom of the pillar and a stacked series of asymmetric GaAs/AlGaAs quantum wells arrayed along the axis. By applying a negative bias to the cylindrical gate electrode, carriers near the surface are depleted. The parabolic electrostatic potential provides confinement in the radial direction while bandgap discontinuities in the quantum wells provide confinement along the pillar axis. In operating as a quantum computer the source and drain are grounded and the number of electrons in each dot are set to one by adjusting the gate voltage. Qubits are encoded in the ground state, IO), and first excited state, 11)) of the quantum dot electrons. The pillar array constitutes an ensemble of quantum computers that operate simultaneously.
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To examine the feasibility of this structure for quantum computing applications, we solved Poisson and Schrodinger equations self consistently and determined energy levels and wavefunctions, number of electrons in each dot and their distribution among energy levels. A composition profile for a three qubit quantum computer is obtained (Fig. 2) in which a single electron is confined in each dot over a finite range of gate voltage (-0.1 V) due to shell filling effects. The asymmetric dots are of different size so that the energy gaps between the two lowest quantum dot states 10) and 11) range from 65 to 71 meV allowing each dot to be individually addressed with a different wavelength. The asymmetic dots produce large built-in electric dipole moments depending of the occupancy of the 10) and 11) states (Fig. 3) . Electrons in adjacent dots are coupled through a strong dipole-dipole interaction energy of 0.2 meV which produces widdly separated conditional transition energies (Fig. 4) . This provides for rapid computation rates and enables quantum entanglement that is the heart of quantum computation.
The need for special initial state preparation for quantum computation is avoided since nearly all the electrons initially are in the ground state in thermal equilibrium. The computer is optically driven by a coherent external laser source in the 17 pm range. Quantum computations are carried out by applying a series of optical pulses with a pulse length of a few tens of picoseconds. The asymmetric GaAs/AlGaAs dot profiles are designed so that dephasing due to electron-phonon scattering and spontaneous emission are minimized. Although relaxation via phonon coupling is of concern, it can be suppressed by exploiting the phonon bottleneck effect [2]. By avoiding LA and LO phonon bands, the structure is designed so that decoherence is dominated by spontaneous emission with a lifetime of several microseconds. The combination of strong dipole-dipole coupling and long dephasing time make it possible to perform -lo5 computational steps before loss of coherence. Final readout of the qubit states can be achieved through quantum state holography. Amplitude and phase information are extracted through mixing of the final state with a reference state generated in the same system by an additional delayed pulse and detecting total time-and frequency-integrated flourescence as a function of the delay [3].
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